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NKN iow bond strength masonry 
jany=fçrms=çf=histçrical=masçnry=cçnstructiçn=exhibit=lçw=bçnd=strength=characteristicsK=qhis=is=where=
the=bçnd=between=the=masçnry=units=and=the=mçrtar=jçints=is=sufficiently=lçw=tç=have=a=dçminant=effect=
çn= the= mechanical= behaviçur= such= as= the= fçrmatiçn= çf= cracks;= the= reJdistributiçn= çf= stresses= after=
cracking=and=the=fçrmatiçn=çf=cçllapse=mechanismsK==
qhe= need= tç= predict= the= inJservice= behaviçur= and= lçad= carrying= capacity= çf= histçrical= masçnry=






NKO pummary of the computational modelling strategy 
diven=the= impçrtance=çf= the=masçnry=unitLmçrtar= interface=çn=the= structural=behaviçur= çf= lçw=bçnd=
strength=masçnryI=the=authçrs=used=a=micrçJmçdelling=apprçach=based=çn=the=aistinct=blement=jethçd=










additiçnal=feature=çf=rabC=is= the=capability=tç=predict= the=çnset=çf=cracking;= this= is= impçrtant=when=
cçnsidering= inJservice=behaviçurK= ptrengthening=by= rçck=bçltingI= ançther= feature=çf=rabCI=allçwed=
the=authçrs=tç=mçdel=masçnry=strengthened=with=reinfçrcing=barsK==
cçr= a= numerical=mçdel= tç=represent= the=behaviçur= çf= a=masçnry= structure=with= the= required= level=çf=
accuracy=an=apprçpriate=cçnstitutive=mçdel=must=be=selected=and=parameters=that=are=representative=çf=
the= materials= being= mçdelled= must= be= usedK= qhe= elasticJperfectly= plastic= Cçulçmb= slipJjçint= area=
cçntact= mçdelI= available= as= an= çptiçn= within= rabCI= was= selected= by= the= authçrs= tç= represent= the=
behaviçur=çf= lçw=bçnd=strength=masçnryK=rabC=alsç=prçvides=a=residual=strength=çptiçn=tç=simulate=
tensiçn= sçftening= effectsK= qhis= was= nçt= selected= as= the= bçnd= strength= çf= the= masçnry= used= in= the=
research=was= much=lçwer= than= that= exhibited=by=mçdern=masçnry=materialsK= As=a= resultI= any= tensiçn=
sçftening=effects=were=likely=tç=be=an=çrder=çf=magnitude=smaller=than=the=bçnd=strength=and=sç=were=
cçnsidered=tç=be=insignificantK==
CçnventiçnallyI= the= material= parameters= fçr= the= cçnstitutive= mçdels= fçr= masçnry= are= based= çn= the=
results=frçm=the=testing=çf=small=assemblages=çr=samples=çf=materialK=puch=tests=dç=nçt=reflect=the=mçre=
cçmplex= bçundary= cçnditiçns= and= the= cçmbinatiçns= çf= stressJstate= types= that= exist= in= real= masçnry=
structuresK= fn= additiçnI= large= numbers= çf= tests= are= required= tç= capture= the= inherent= variatiçns= in= the=









between= the= results= çbtained= experimentally=and= numerically= were=then=minimized=by=adjusting= the=
parameters=in=the=cçnstitutive=mçdel=using=an=çptimizatiçn=technique=Esee=sectiçn=QFK=fn=particular=the=
parameters= were= adjusted= tç= give= numerical= results= cçmparable= with= the= develçpment= çf= the= crack=
pattern=under=incremental=lçading;=the=lçad=at=first=cracking;=the=failure=mechanism=and=the=lçad=versus=




OK tAiiLBbAM mAkbi bumbofMbkTAi TbpTp 
=
A=series=çf=plain=and=reinfçrced=single=leaf= thick=clay=brick=masçnry=wallLbeam=panels=was=tested=in=










S courses E4RM mmF 
EV for panel apNF 
poldier course EOOR mmF 
S courses E4RM mmF 
OMOR mm clear opening 
EOVOR mm for panels iN and iOF 
RSN=
cçurse= immediately= abçve= the= çpeningI= with= the= reminder= çf= the= brickwçrk= being= cçnstructed= in=
stretcher=bçndI=as=shçwn=in=cig=NK=qhe=bricks=were=rh=standard=size=EONR=mm=×=NMOKR=mm=×=SR=mmF=











Courses of stretcher 
bond brickwork 
above soldier course 
Compressive strength 








pN OMOR= pix= MKTO= MKTO= PKSV=
pO OMOR= pix= MKTV= NKSM= QKSM=
pP OMOR= pix= MKUS= NKSM= RKNM=
p4 OMOR= pix= NKNU= NKTN= RKST=
iN OVOR= pix= MKSQ= MKNM= NKSM=
iO OVOR= pix= MKTN= MKSM= OKSM=
apN OMOR= kine= MKVS= MKTO= NMKSM=
=
bach=panel=was= subjected=tç=a= single=vertical=pçint= lçad=applied=at= midJspanK=qhe= lçad=was= applied=
incrementally=tç=each=panel=using=a=hydraulic= ram=and=a= structural=steelwçrk=reactiçn=frameK= ft= was=











blçck =size =çf =OOR =× =NNOKR =× =TR =mmK =bach =blçck =was =internally =discretised =by =rabC =intç =finiteJ
difference=zçne=elementsI=each=assumed=tç=behave=in=a=linearly=elastic=mannerK=fn=practiceI=the=stresses=
in= the=bricks= wçuld=be= well=belçw= their= strength= limit= and= sç= nç=significant= defçrmatiçn= wçuld= be=
expected=tç=çccurK=qç=replicate=thisI=brick=material=parameters=were=specified=tç=ensure=that=nç=blçck=
defçrmatiçn= wçuld= çccur= yet= the=sçftware= was= enabled= tç= calculate= the= theçretical= stresses= in= each=
zçne=elementK==
As=mentiçned=previçuslyI=the=zerç=thickness=interfaces=were=mçdelled=using=rabC’s=elastic=perfectly=
plastic= cçulçmb= slipJjçint= area= cçntact= çptiçn= xPzK= qhe= interfaces= were= defined= by= six= parameters=
namelyW=the=elastic=nçrmal=stiffness=EghnF;= the=shear= stiffness=EghsF;= the=angle=çf=frictiçn=EgfricF;= the=
tensile=strength=EgtenF;=the=cçhesive=strength=EgcçhF=and=the=interface=dilatiçn=angle=EgdilF=xPzK=
qhe= bçttçm= edges= çf= the= rabC= wall= panel= were= mçdelled= as= rigid= suppçrts= in= the= vertical= and=
hçrizçntal=directiçnsI=whilst= the=vertical=edges= çf=the= wall=panel=were= left= freeK=pelfJweight= effects=
were=assigned=as=a= gravitatiçnal= lçadK= jechanical= lçcal=damping=was=used= tç=simulate=quasiJstatic=
lçadingK==







4K fabkTfcfCATflk lc MATbofAi mAoAMbTbop  
 
4KN lptimization aims 













4KO pensitivity analysis 
fnitially=a=sensitivity=analysis=was=carried=çut=tç=identify=the=effect=çf=the=brick=and=brickLmçrtar= jçint=











qç= reflect= these= results= and= tç= minimise= the= cçmputatiçnal= time= requiredI= the= çptimizatiçn= çf= the=
material =parameters =was=carried=çut =in =twç=different =stages=as =indicated=in=cigK =OK =qhe=twç=stages=çf =
çptimizatiçn=are=described=in=mçre=detailI=belçwK=
=





























marameter bb  xkLmOz bm  xkLmOz vb vm hm  xmz 




EghnF= ranged= frçm=NM= tç=NRMdmaLm;= the=shear= stiffness= EghsF= ranged=frçm=QKP= tç=SRdmaLm=and= the=
ratiç=çf=nçrmal=tç=shear=stiffness=ranged=frçm=OKNU=tç=OKROK=AlsçI=since=the=nçrmal=stiffness=is=directly=
related=tç=the=shear=stiffnessI=it=was=decided=tç=çptimize=the=jçint=nçrmal=stiffness=and=the=jçint=tensile=
strength=parametersK=A=factçrial=design=çf=OU=experiments=was=carried=çut= fçr= each=çf=the=shçrt= EpN=–=
pQF= and= lçng= panels= EiN= and= iOF= referred= tç= in= qable= NK= qhe= material= parameters= used= in= the=
cçmputatiçnal=experiments=fçr=the=stage=N=çptimizatiçn=are=shçwn=in=qables=P=and=QK=qhe=jçint=nçrmal=


































qhe= least= squares= differences= between= the= experimental= and= cçmputatiçnal= test= resultsI= up= tç= the=
çccurrence=çf= first= crackingI=were=then=estimatedK= All= the=respçnse=quantities= were=cçnsidered=tç=be=
equally= weighted= fçr= the= fçrmulatiçn=çf= the= çbjective= functiçnK= A= surrçgate= mçdel= was= cçnstructed=
RSQ=
with= the= use= çf= the= jçving= ieast= pquares= EjipF= apprçximatiçn= methçd= and= a= genetic= algçrithm=
çptimizatiçn= engine= available= frçm= eyperptudy= NM= xNRzK= Accçrding= tç= qçrçpçv= and= vçshida= xNSz=
a=genetic= algçrithm= çptimizatiçn= engine= is= mçre= likely= tç= find= a= nçnJlçcal= sçlutiçn= EiKeK= a= glçbal=
minimumF=when=cçmpared=with=gradient=based=methçds=such=as= the=pequential=nuadratic=jethçd=çr=
the=Adaptive=oespçnse=purface=methçdK=curther=details=çf= the=çptimizatiçn=prçcess=are=described=by=




4K4 ptage O optimization Ebehaviour after first crackingF 
cçr= the= stage=O= çptimizatiçnI= a= factçrial= design=çf=NTR= experiments=was= carried=çut= fçr= each=çf= the=































4KR serification study 









RK sAifaATflk pTrav   
=
qç=check= the=validity=çf= the=material=parameter= identificatiçn=prçcedureI= the=rabC=mçdel=with= the=
çptimized=parameters=was=used=tç=predict=the=behaviçur=çf=a=deeper=wallLbeam=panel=EapNFK=cigure=Q=
shçws= the=distributiçn=çf= cracks=at= cçllapse=predicted=using=rabCK= A=similar= distributiçn=çf= cracks=
was=çbserved=in=the=labçratçry=testing=as=shçwn=in=cigK=RK=qhe=develçpment=çf=cracks=under=increasing=
applied=lçad=predicted=using=rabC=was=fçund=tç=be=very=similar=tç=the=çbserved=prçpagatiçn=çf=cracks=
rltimate load for iN 
rltimate load for iO 
rltimate 
load for p4 
rltimate 
load for pO 
rltimate 
load for pN 
rltimate 








in= the= labçratçry= testsK= cigK= S= shçws= the= çbserved= and= rabCJpredicted= lçad= versus= displacement=
behaviçur=fçr=panel=apNK=qhe=rabCJpredicted=value=çf=the=lçad=at=first=cracking=EOKMkkF=is=clçse=tç=
that= çbserved= frçm= the= labçratçry= testing= ENKTOkkFK= qhe= ultimate= lçad= çf= NMKSkk= recçrded= in= the=
labçratçry= cçmpares= well= with= the= lçad= çf= NMKQkk= predicted= using= rabCK= Additiçnal= validatiçn=



























































SK ClkCirpflkp   
=
qhe= develçpment= çf= a= cçmputatiçnal= mçdel= fçr= lçw= bçnd= strength= brick= masçnryI= based= çn= the=
aistinct=blement=jethçdI= is=presentedK=qhe=material=parameters= fçr= the=masçnry=cçnstitutive=mçdel=
were=çbtained=frçm=the=results=frçm=the=lçad=testing=çf=large=wallLbeam=clay=brick=masçnry=panels=in=
the= labçratçryK= fnitially=the=panels= were=mçdelled=cçmputatiçnally=using=an=assumed=set= çf=material=
parametersK= qhe=differences= between=the=results= çbtained=experimentally=and=numerically=were= then=
minimized=by=adjusting=the=parameters=in=the=cçnstitutive=mçdel=using=an=çptimizatiçn=apprçachK=qhe=
mçdel= was= then= used= with= the= çptimized= parameters= tç= predict= the= structural= respçnse= çf= çther=





qhe= wçrk= presented= in= this= paper= is= suppçrted= by= an= bmpoC= Cçmparative= Award= in= pcience= and=
bngineering=ECApbLCAkLMTLOOF=and=BerscheJoçlt=itdK=marticular=thanks=are=due=tç=jessrs=dK=bdscer=
and=CK=pmith=çf=BerscheJoçlt=itd=fçr= their= suppçrtK=qhanks=are=alsç=due=tç=mrçfK= sK=sK=qçrçpçv=and=
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